Background: We aimed to determine the prognostic impact of time between primary breast cancer and diagnosis of distant metastasis (metastatic-free interval, MFI) on the survival of metastatic breast cancer patients.
Despite progress in the treatment of early breast cancer, 20-30% of the patients will develop a distant recurrence (Harris et al, 1993) . Once distant recurrence has occurred the disease remains largely incurable and median survival of patients with metastatic breast cancer ranges from 2 to 3 years (Cardoso et al, 2012) .
The outcome of patients with metastatic breast cancer depends on several prognostic factors. Biological breast cancer subtypes based on hormone receptor (HR) and human epidermal growth factor receptor 2 (HER2) status are associated with different outcomes once distant recurrence has occurred (Kennecke et al, 2010; Lobbezoo et al, 2013) . Besides biological breast cancer subtype, other known prognostic factors are age, performance status and site and number of distant metastases (Yamamoto et al, 1998; Largillier et al, 2008) .
Furthermore, the metastatic-free interval (MFI), which is defined as the time between primary breast cancer diagnosis and the development of distant recurrence, is a known strong prognostic factor for survival of patients with metastatic breast cancer. Metastatic-free interval o24 months is associated with a worse prognosis, as shown in several population-based studies of patients with metastatic breast cancer (Largillier et al, 2008; Puente et al, 2010; Llombart-Cussac et al, 2014) . The importance of MFI is stressed by the incorporation of this prognostic factor in clinically relevant and validated prognostic models for patients with metastatic breast cancer (Yamamoto et al, 1998; Regierer et al, 2014) .
Acknowledging separate prognostic groups based on MFI, patients with distant metastasis at initial breast cancer diagnosis can also be viewed as a distinct prognostic subgroup. This subgroup, called de novo metastatic breast cancer, could on the one hand be suggested to represent a poor prognostic group with early distant metastasis as a sign of more aggressive disease. On the other hand, one could hypothesise that patients with de novo metastatic breast cancer have a better prognosis because their disease is therapy-naive and thus less likely to show resistance to systemic therapy.
Indeed, in a large study on metastatic breast cancer diagnosed in the period 1992-2007, outcome of patients with de novo metastatic breast cancer was superior compared with patients with recurrent metastatic breast cancer (Dawood et al, 2010b) . This favourable outcome was also demonstrated for patients with de novo HER2 positive metastatic breast cancer, as compared to those with recurrent HER2 positive metastatic breast cancer (Yardley et al, 2014) . However, in another analysis on HER2-positive patients all treated with first-line palliative trastuzumab-based therapy no difference in outcome between de novo and recurrent metastatic breast cancer was found (Rossi et al, 2014) .
This led to our study investigating the prognosis and prognostic factors, including HR and HER2 status, for patients with de novo metastatic breast cancer compared with patients with recurrent metastatic breast cancer in a large multicentre study. All patients were diagnosed with metastatic breast cancer in the period 2007-2009 and were treated according to modern treatment strategies, including targeted therapy.
PATIENTS AND METHODS
Patients and data collection. All consecutive patients diagnosed with metastatic breast cancer in [2007] [2008] [2009] in eight hospitals in the Southeast of the Netherlands were identified. Patients were included irrespective of the date of diagnosis of the primary tumour with the exception of patients with a diagnosis of primary breast cancer before 1990, due to the limited available data on the primary tumour characteristics and the initial treatment.
Data on all included patients was obtained from medical files by specially trained registration clerks, after approval from the Medical Research Ethics Committee of Maastricht University Medical Centre. Information was collected on patient and tumour characteristics, treatment information (surgery, radiotherapy and systemic treatment, both adjuvant and palliative), number and sites of distant metastases and survival time. Initial metastatic sites were registered as single or multiple and were categorised as: bone, visceral (including lung, liver, pleural, peritoneal, pericardial and lymphangitic carcinomatosis), brain (including leptomeningeal and central nervous system), skin and lymph nodes and multiple metastases (more than one of the aforementioned metastatic sites). Tumours were characterised by the sixth edition of the TNM classification of malignant tumours (Greene et al, 2002) and Scarff Bloom Richardson (SBR) histological grading (Elston and Ellis, 1991) . We used pathological TNM also for the small amount of patients with neoadjuvant systemic therapy (9% of all patients treated with (neo)adjuvant therapy). Oestrogen receptor and progesterone receptor positivity was defined as positive nuclear staining of X10% and HR positivity was defined as Oestrogen receptor-and/or progesterone receptor-positive breast cancer. HER2 positivity was defined as immunohistochemistry score of 3 þ , or 2 þ with a positive fluorescence in situ hybridisation result. In case of missing HER2 status a dedicated pathologist centrally reviewed missing data when material was available. Data analysis. We categorised the total of 815 included metastatic breast cancer patients based on MFI. Metastatic-free interval was defined as time between date of diagnosis of primary breast cancer and date of diagnosis of first distant metastatic recurrence. On the basis of the cutoff points used in other studies and their demonstrated differential impact, patients were divided in three categories; patients with de novo metastatic breast cancer (MFI o3 months), patients with recurrent metastatic breast cancer with MFI p24 months and patients with recurrent metastatic breast cancer with MFI of 424 months.
The primary aim of our study was to assess differences in survival of patients with de novo metastatic breast cancer compared with those with recurrent metastatic breast cancer. Survival of patients with distant metastasis was defined as time between date of diagnosis of first distant metastasis and date of death. All patients still alive were censored at the date of last follow-up of each individual patient. Survival curves were obtained using the Kaplan-Meier method.
We selected prognostic factors based on clinical importance rather than by statistical significance and included the following factors in the model; age at metastatic breast cancer diagnosis, HR and HER2 status and initial number and site of metastases. First, a Cox proportional hazards model was used to assess whether the prognostic impact of these factors differed between the three subgroups based on MFI by statistical testing of the interaction between the prognostic factors and MFI with a likelihood ratio test. Second, the ratios of the hazard rates comparing de novo metastatic breast cancer with recurrent metastatic breast cancer were adjusted for these factors in a Cox regression model. To evaluate the effect of (neo)adjuvant therapy we repeated this model when excluding patients with (neo)adjuvant systemic therapy.
All reported P-values were two-sided and a P-valueo0.05 was considered of statistical significance.
RESULTS

Characteristics.
A total of 815 metastatic breast cancer patients were included in the study, of which 154 patients (19%) were diagnosed with de novo metastatic breast cancer and 661 patients (81%) had recurrent metastatic breast cancer (Table 1) . Of the patients with recurrent metastatic breast cancer, 176 patients (27%) had MFI o24 months and 485 patients (73%) had MFI 424 months.
Median age at diagnosis of metastatic breast cancer was 61 years (range 25-89 years) for patients with de novo metastatic breast cancer and 64 years (range 25-93 year) for patients with recurrent metastatic breast cancer, irrespective of MFI (P ¼ 0.06).
Pathological tumour and lymph node status was missing for the majority of patients with de novo metastatic breast cancer, as surgical removal of the primary tumour was not routinely performed after diagnosis of metastatic breast cancer (83% of patients with de novo metastatic breast cancer did not have surgery of the primary tumour).
Hormone receptor-positive breast cancer was most frequently seen in patients with de novo metastatic breast cancer (81%) and recurrent metastatic breast cancer with MFI 424 months (83%), but less in patients with recurrent metastatic breast cancer with MFI o24 months (55%) (Po.0001). Human epidermal growth factor receptor 2-positive status was not different between patients with de novo metastatic breast cancer (23%), recurrent metastatic breast cancer with MFI 424 months (18%) (P ¼ 0.21) and recurrent metastatic breast cancer with MFI o24 months (21%; P ¼ 0.76).
The percentage of patients with visceral or brain metastasis as initial metastatic site for recurrent metastatic breast cancer with MFI o24 months was, respectively, 33% and 10%. These percentages were lower for patients with de novo metastatic breast cancer (respectively, 24% and 0%) and for patients with recurrent metastatic breast cancer with MFI 424 months (respectively, 27% and 2%).
For all patients with recurrent metastatic breast cancer, 46% had received prior (neo) adjuvant chemotherapy and 51% prior (neo-) adjuvant endocrine therapy.
Of patients with de novo metastatic breast cancer 57% received at least one-line of palliative chemotherapy vs 53% of patients with recurrent metastatic breast cancer (P ¼ 0.35). Also the use of any palliative endocrine therapy was not different between de novo and recurrent metastatic breast cancer (respectively, 69% vs 62%; P ¼ 0.10).
Survival and prognostic factors. Median follow-up after diagnosis of metastatic disease was 37.1 months (range 2.1-55.4), with 302 patients (37%) being alive at the end of the follow-up period.
The median survival of patients with de novo metastatic breast cancer was 29.4 months (95% CI 19.3-35.0 months) compared with 21.1 months (95% CI 18.7-24.4 months) for patients with recurrent metastatic breast cancer (P ¼ 0.14).
When looking at the patients with recurrent metastatic breast cancer stratified by MFI, survival of those with de novo metastatic breast cancer was significantly better than for patients with MFI o24 months (median, 29.4 vs 9.1 months, Po.0001) (Figure 1 ). Survival of de novo metastatic breast cancer patients was not significantly different from the survival of recurrent metastatic breast cancer patients with MFI of 424 months (median, 29.4 vs 27.9 months, P ¼ 0.73) (Figure 1) .
The prognostic impact of the prognostic factors did not differ significantly for the three MFI groups (test for interaction P ¼ 0.98). Therefore, the results could be pooled to obtain the final Cox proportional hazards model (Table 2) .
Adjusted for other prognostic factors, patients with MFI o24 months had a significantly increased risk in mortality (hazard ratio 1.97; 95% CI 1.49-2.60) compared with patients with de novo metastatic cancer (Table 2 ). Recurrent metastatic breast cancer patients with MFI 424 months had no increased risk in mortality compared with de novo metastatic breast cancer patients (hazard ratio of 0.89, 95% CI 0.70-1.14) ( Table 2) .
Older age at diagnosis of metastatic breast cancer, HR-negative breast cancer, HER2-negative breast cancer, multiple initial metastatic sites as well as brain or visceral metastases as initial site compared with bone metastases were all associated with a worse prognostic impact on outcome (Table 2) .
Performing the multivariable analysis when excluding patients with (neo)adjuvant systemic therapy, thereby comparing the therapy-naive patients with recurrent metastatic breast cancer and de novo metastatic breast cancer, the increased mortality risk for patients with MFI o24 months compared with de novo metastatic breast cancer remained statistically significant (adjusted hazard ratio 1.69, 95% CI 1.11-2.58) ( Table 2) .
DISCUSSION
We present survival and prognostic factors of patients with de novo metastatic breast cancer compared with patients with recurrent metastatic breast cancer in a multi-centre, unselected cohort of patients. As all patients were diagnosed with metastatic breast cancer between 2007 and 2009, this cohort reflects a time period in which HER2 status was routinely performed and treatment included targeted therapy.
There was no significant difference in prognosis between patients with de novo and recurrent metastatic breast cancer irrespective of MFI.
The median overall survival of 29 months for patients with de novo metastatic breast cancer in this cohort was comparable to the survival found in other cohort studies on patients with de novo metastatic breast cancer (Andre et al, 2004; Dawood et al, 2010b; Pal et al, 2012) .
However, when stratifying patients with recurrent metastatic breast cancer according to the MFI differences in survival between de novo and recurrent metastatic breast cancer became apparent. Patients with de novo metastatic breast cancer had a similar outcome when compared with patients with late distant recurrent metastatic breast cancer. However, patients with de novo metastatic breast cancer had a significant better outcome when compared with patients with an early distant recurrence, also after exclusion of the patients receiving (neo)adjuvant systemic treatment.
We defined early distant recurrence as MFI shorter than 24 months, based on the cutoff points used in other studies and the demonstrated prognostic impact (Yamamoto et al, 1998; Largillier et al, 2008; Puente et al, 2010; Llombart-Cussac et al, 2014; Regierer et al, 2014) .
When looking closer at this subgroup, patients with an early distant recurrence were more likely to have HR-negative breast cancer. It is known that breast cancer subtypes, based on HR and HER2 status, have different prognostic impact and different patterns of distant recurrence, with HR-negative subgroups having earlier recurrence and unfavourable prognosis compared with HRpositive subgroups (Kennecke et al, 2010; Lobbezoo et al, 2013) . However, even when adjusting for HR-negative status, the difference in survival between de novo and early distant recurrent metastatic breast cancer remained present.
Another hypothesis explaining the better outcome of de novo metastatic breast cancer compared with early recurrent metastatic breast cancer is the use of adjuvant systemic therapy in patients with recurrent metastatic breast cancer. This could lead to more resistant metastatic disease compared with patients with therapynaive de novo metastatic breast cancer. But, when we excluded patients with recurrent metastatic breast cancer with (neo)adjuvant systemic therapy, the difference in survival between de novo and early distant recurrent metastatic breast cancer remained present. Hence, in our cohort there was no evidence that the administration of systemic therapy in early breast cancer could explain the better outcome of de novo metastatic breast cancer when compared with patients with an early distant recurrence.
The role of surgery of the primary breast tumour on the outcome of metastatic breast cancer patients remains controversial. Initial retrospective studies and meta-analyses of these data supported the idea that surgery of the primary tumour in de novo metastatic breast cancer could have a positive impact on outcome (Ruiterkamp et al, 2010; Ali and Le Scodan, 2011; Harris et al, 2013) . However, data on randomised clinical trials could not show a survival advantage for surgery of the primary tumour and palliative systemic therapy compared with palliative systemic therapy alone (Badwe et al, 2013; Soran et al, 2013) . Furthermore, when looking at the current views on molecular models of metastasis and tumour dormancy, some hypothesise that surgery of the primary tumour can be the systemic event that interrupts the dormant state of metastatic cancer cells, and thereby even have an unfavourable effect on outcome (Dillekas et al, 2014) . The model of metastasis in breast cancer has evolved over the years and the knowledge gathered by genomic assays supports the idea that the capacity of metastasis is acquired early in the life of primary breast cancer (Weigelt et al, 2005; Chiang and Massague, 2008) . Therefore, the assessment of recurrence risk is not only dependent on classical clinicopathological factors, but also on detection of metastatic potential of the primary breast tumour. This also leads to newer insights into relevant prognostic factors in early breast cancer to determine risk of recurrence, amongst others gene-expression profiling and the detection of disseminated tumour cells. However, once metastatic breast cancer is present, the need for clinical prognostic factors remains and is of importance to guide further treatment decision and to provide prognostic information to patients.
In this analyses, prognostic factors that influenced survival besides MFI were age at diagnosis of metastatic breast cancer, HR and HER2 status and initial site of metastases. This is in accordance with other studies investigating prognostic factors in metastatic breast cancer (Andre et al, 2004; Largillier et al, 2008; Dawood et al, 2010b; Lobbezoo et al, 2013) . As expected, we found a favourable impact of HR-positive breast cancer, with a hazard ratio of 0.57 (Po0.0001) compared with HR-negative breast cancer in our cohort, which is similar to that found in a large study on survival between de novo and recurrent metastatic breast cancer (Dawood et al, 2010b) . Hormone receptor-positivity is a known favourable prognostic factor as well as a predictive factor for response to endocrine therapy. The hazard ratio as calculated in our model is not only reflecting the favourable prognostic influence but also the strong predictive influence for response to endocrine therapy.
The strength of this study is the incorporation of HER2 status, due to a very low rate of missing results for HER2 status (only 2%) because all missing HER2 results were centrally determined whenever possible. Interestingly, HER2 positive breast cancer was found to have a favourable influence on outcome of metastatic breast cancer. Even though in the pretrastuzumab era, the amplification of HER2 in breast cancer was demonstrated to be a strong unfavourable prognostic factor (Slamon et al, 1987) . However, with the availability of anti-HER2 therapy this unfavourable prognostic factor has also become a favourable predictive factor for response to anti-HER2 therapy. And with the implementation of anti-HER2 therapy, outcome of HER2-positive breast cancer has changed to the extent that HER2-positive status is nowadays a prognostic factor associated with a favourable outcome in breast cancer (Dawood et al, 2010a; Lobbezoo et al, 2013) . Numbers were too low to look at outcome of biological subtypes based on HR and HER2 in the three separate subgroups, but previous studies investigated differences in outcome between HER2-positive de novo metastatic breast cancer and HER2-positive recurrent metastatic breast cancer. In an unplanned analysis from the registHER observational study, a better survival was found for patients with HER2 positive de novo metastatic breast cancer compared with patients with HER2-positive recurrent metastatic breast cancer (Yardley et al, 2014) . This difference in survival was seen regardless of adjuvant systemic therapy for patients with recurrent breast cancer. However, only 9% of patients with HER2-positive recurrent breast cancer had received anti-HER2 therapy in adjuvant setting. Another study investigating the outcome of patients with HER2-positive de novo metastatic breast cancer did not demonstrate a difference in outcome compared with patients with HER2-positive recurrent metastatic breast cancer (Rossi et al, 2014) . Besides low number of patients when dividing the total cohort according to biological breast cancer subtype, there are other limitations of this study owing to its retrospective nature. Leadtime bias due to improved imaging could be a confounder in this study. However, all patients were diagnosed with metastatic breast cancer (either de novo or recurrent) during the same recent and relatively short time period so the availability of imaging techniques was probably equal. Even so, with the inclusion of all patients with metastatic breast cancer diagnosed in eight different hospitals we feel this cohort is a good representation of the actual diagnosis and treatment of patients with metastatic breast cancer in the Netherlands. With the availability and implementation of more advanced and sensitive diagnostic techniques, for example, positron emission tomography, the subgroup of patients with de novo metastatic breast cancer will probably increase. Therefore, prognostic information on this subgroup is of relevance for oncology practice.
In conclusion, we confirm that MFI is a strong prognostic indicator for outcome of metastatic breast cancer patients, with a short MFI being prognostic unfavourable. However, de novo metastatic breast cancer, which can be considered as a group with a 'very short' MFI was not found to be a very poor prognostic subgroup. In real life, patients with de novo metastatic breast cancer had a clearly better outcome, similar to what was seen in patients with metastatic breast cancer with MFI 424 months, compared with patients with MFI o24 months who had a nearly two-fold increased mortality risk.
